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Germination is the first step of the activity of plant growth. It is important for the next step in the 
field. The aim of the study was to evaluate the effect of PGPR and molasseson both germination (in 
vitro and soil) of Sorghum bicolor. The PGPR inoculants used were Phosphate Solubilizing Bacteria 
(Bacillus sp.) and Nitrogen Fixing Bacteria (Azospirillum sp, Azotobacter sp). Sorghum seed were 
treated with PGPR (sole and mixed inoculation) and molasses either singly or in combination. The 
result showed that in vitro experiment, seed inoculation significantly enhanced root and shoot length, 
and index vigour of sorghum. Conversely, seed germination were negatively affected by molasses 
application. In pot experiment, the application of both PGPR and molasses increased root and shoot 
length, and also root and shoot dry weight. The highest root and shoot length, root and shoot dry 
weight was obtained with s eed treated in combination PGPR mixed inoculation and molasses. 
 




Plant growth media in the field is an environment containing nutrients, pH, water, 
texture of soil, temperature, soil aeration, and microorganisms. Polluted environment is 
a constraint to inhibit initial growth of the plant seed into germination and seedling. As 
Pirasteh-Anosheh and Hamidi [1], reported, that poor environment of the plant growth 
media resulted in undersized plant growth rate, thus it lead to significantly diverse 
growth variety. As proposed by Parera and Cantliffe [2], that the seeds growing rate and 
variety was an important precondition to achieve potential yield, quality, and benefit on 
the plant. Therefore, Wahid [3], and Hamidi [4] performed the growth stage by 
germination to obtain potential seed and optimization of crop production. Accordingly, 
germination is growth stage and initial indications to determine potential plant seeds. 
Optimizing germination to acquirepotential seeds can be triggered in several ways, one 
of which is utilizing molasses. 
Molasses is sugar production waste containing concentrations of sulfur, potassium, 
iron, and high micronutrient. It is widely used as an organic fertilizer by farmers. It is 
also one source of carbohydratesto stimulate the growth of beneficial bacteria in 
rhizosphere. Those bacteria are known as plant growth promoting rhizobacteria 
(PGPR). PGPR bacterial groups such as P solvent bacteria and nitrogen fastener are 
indicated by its ability to produce growth hormone IAA. This hormone is very useful to 
boost up the plants growth, particularly germination and sorghum seed in marginal 
soils. 
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Sorghum (Sorghum bicolor L.) is cereal crop that requires warm temperatures and 
mostly grow in tropics and sub-tropics area [5]. Sorghum has many benefits that many 
countries cultivate these plants. This study has an objective to find out which molasses 
and PGPR are in accordance with sorghum seeds and seedlings. 
2. Methods 
2.1. Isolates 
PGPR isolates used were Phosphate Solubilizing Bacteria (Bacillus sp.) and 
Nitrogen Fixing Bacteria (Azospirillum sp. dan Azotobacter sp.). The isolates were 
obtained from Microbiology Division, Research Center for Biology, Indonesian 
Institute of Sciences. Bacillus sp., Azospirillum sp. and Azotobacter sp. inoculum was 
prepared by cultured in Pikovskaya's, Okon's and Ashby's medium respectively for 24 
hours at room temperature [6]. The bacterial culture were centrifuged at 10.000 rpm for 
10 min and pellets obtained were suspended in sterile distilled water. The inoculant 
obtained were adjusted to10
8 
CFU/ml. Mixed inoculation of three rhizobacteria was 
mixed in the ratio 1 : 1 : 1. The Combination of molasses solution and each bacteria 
inoculum was mixed in the ratio 1 : 1. 
2.2. Seed germination 
Sorghum (Sorghum bicolor L.) var. Super 1 was collected from Cereal Research 
Division, Maros, South Sulawesi. Molasses was obtained from Bogor, West Java. The 
seeds were surface-sterilized with 0.02% sodium hypochlorite for 2 min, and rinsed 
thoroughly in sterile distilled water three time. The seeds were soaked in erlenmeyer 
containing 25 ml of each bacterial culture, mixed culture and molasses either singly or 
in combination. As control, the seeds were soaked with 25 ml of sterile distilled water. 
A 100 inoculated seeds was used for germination testing in sterile petridish (15 
cm). Each petridish contained sterile filter paper moistened with 10 ml sterile distilled 
water. All the treatment sets including control were prepared in four replicates. The 
Petridish was closed and incubated at 30°C for 7 days. The germination was observed 
every day and in order to retain the media moisture during the on going germination 
process, it was then watered with sterile distilled water. The percentage and vigor index 
was calculated after period of 7 days. Vigor index was calculated by using method of 
Abdul Baki and Anderson [7] with formula: VI = (average length of roots + average 
length of shoots) (% germination). 
2.3. Pot experiment 
Sorghum seedling growth was conducted in the greenhouse at Microbiology 
Division, Research Center for Biology, Indonesian Institute of Sciences. For plant 
growth medium, small pots of 300 g of sterilized sand were used. The sterilized seeds 
were inoculated in each broth culture of Basillus sp., Azotobacter sp., Azospirillum sp. 
and mixed culture of three bacteria for 30 min. Five inoculated seeds were sown in each 
pot and thinning was done to three per pot one week after germination. For the molasses 
treatment, 1 ml of molasses was applied in the surface of sterilized sand at sowing. 
Seedlings were watering with Muller solution daily. Treatments were arranged 
incomplete randomized design of 10 treatments with three replication for each 
treatment. The treatments were C: control (without bacteria and molasses ); P: treated 
with Bacillus sp.; Azt: treated with Azotobacter sp.; Azp: treated with Azospirillums p. 
Mixed: treated with combination of Bacillus sp. + Azotobacter sp. + Azospirillum sp. in 
the same proportion; M: treated with molasses; PM treated with Bacillus sp. + 
molasses.; AztM: treated with Azotobacter sp. + molasses; AzpM: treated with 
Azospirillum sp. + molasses; MixedM: treated with combination of Bacillus sp. + 
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Azotobacter sp. + Azospirillum sp A. + molasses. After 21 days, sorghum plants were 
harvested at 30 days after sowing and shoot and root length (cm), shoot and root dry 
(gram) weight were determined of each plant. The data were analyzed statistically by 
using SPSS software version 12.0. Comparisons of means were performed by Duncan P 
<0.05. 
3. Result and Discussion 
Table 1 showed the effect of PGPR ((Bacillus sp., Azospirillum sp., Azotobacter 
sp.) inoculants treatment on sorghum seed germination in vitro. Treatment of sorghum 
seed inoculation with PGPR increased root and shoot length and vigor index. Each 
increased roots and shoots length ranged between 18.14 – 30.7% and 4.22 – 58.31%. 
The highest vigor index (797.33) obtained by inoculant mixture (BPF + Azotobacter 
sp.+ Azospirillum sp.) was significantly different from non-inoculant control). 
Conversely, the use of molasses singly or in combined with inoculants indicated 
negative influence on all germination parameters.  
Tabel 1. The effect of PGPR and Molasses on seed germination in vitro 
Treatments Root length (cm) Shoot length (g) Vigor Index 
Control 2.15
de
 ± 0.12 3.31
c    
± 0.57 546.67




 ± 0.21 4.72
d    
± 0.20 726.00












 ± 0.05 
2.81
ef
 ± 0.21 
2.65
ef
 ± 0.17 
0.49
ab
 ± 0.04 
0.25
a   
± 0.02 
0.24




 ± 0.07 
0.27
a   
± 0.04 
3.45




 ± 0.19 
5.24
de
 ± 0.10 
1.12




   ± 0.04  
1.15
a
   ± 0.10 
2.04
b    
± 0.01 
0.79












a    
±12.72 
92.00
a     
± 3.46 
139.33
a     
± 9.61 
322.67
b     
± 8.35 
106.00
a     
± 0.00 
The values are means ± SDof three replicates.In the column means followed by a same 
letter(s) are not significantly different at level 5% by Duncan. 
Negative effects of molasses use on germination were not observable on seedling 
growth of soil media in the green house. Treatment of single molasses or in combination 
with PGPR inoculants significantly increased towards height and dry weight of plants. 
The highest increase was obtained in treatment of mixed inoculant and molasses 
respectively by 67.50 cm (plants height) and 0.74 g (dry weight of plants) (Table 2). 
Experiment results under in vitro conditions indicated that treatments of inoculation 
with PGPR significantly increased roots and shoots lenghts, and also vigor index 
compare with the control. Shaukat [8]; Lenin and Jayanthi [9], examined the effects of 
PGPR (Azospirillum lipoferum, Azotobacter chroococcum, Pseudomonas fluorescence 
and Bacillus megaterium) on germination rate and vigor index than the control. The 
same result of PGPR effect on other cereals germination had been reported. Niranjan 
[10], Hameeda [11], reported the use of PGPR isolate would be able to increase 
germination and seed vigor index significantly on pearl millet crops tested by using 
paper towel technique in vitro. Experimental results by Nezarat and Gholami [12], 
Noumavoet [13], Sengupta [14] indicated treatment of seed inoculation with PGPR 
isolates (Pseudomonas sp., Azospirillum sp. Azotobacter sp.) was able to improve seed 
germination, seedling vigor in the maize in vitro conditions. According to Bharathi [15], 
Vikram [16], that higher vigor index was probably caused by better auxin production 
and metabolism. Auxin produced by PGPR is growth hormone responsible for 
development of root system, that it can increase nutrients absorption for plant growth. 
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The values are means ± SD of three replicates. In the column means followed by a same letter(s) are not 
significantly different at level 5% by Duncan 
The use of mixed inoculants was able boostup higher vigor index and plant growth 
rather than the single one. These results were in accordance with study of Ya dav [17] 
reported that mixed inoculant application had improved better seed germination and 
plant growth than the single one. Likewise Mathivanan [18], pointed out that percentage 
of germination, seedling length, vigor index and the highest plant growth was obtained 
on inoculation treatment with combination of Rhizobium + Pseudomonas + Bacillus.  
It was contrast to the use of PGPR, which indicated positive results on germination. 
Instead, the use of molasses or combined with PGPR confirmed negative results. 
Molasses treatment brought about inhibition in germination growth, as this was due to 
exceedingly high concentration of molasses at around 50%. The same results were 
obtained by Jothimani and Elayarajan [19], Shakala [20], Singh [21]. The use of 
molasses with high concentrations can be toxic to plants that it will obstruct roots and 
shoots growth [21]. Similarly, Shakala [20], suggested that inhibition of seed 
germination at higher concentrations of molasses was likely due to acidic nature of 
molasses and higher COD and BOD values. 
In the pot experiment, providing PGPR inoculants combined with molasses 
improved plant growth. It is likely due to lower concentration of molasses in the soil, as 
for its watering. The use of molasses with lower concentration can incite bacteria 
growth that it also stimulated plants growth. Likewise, according to study of Shakala 
[20], Samavat and Samavat [22], Schaffert and Percival [23], the use of molasses with 
lower concentration can boost up plant growth. Molasses is by product of sugar mill 
containing the required nutrients for the plant growth. According to Rolland [24], sugar 
has dual function on plants, both as nutrients and signaling molecules. Providing 
molasses indicated perceptible influence on plants growth during germination, the 
growth of shoots and hipocotil as well as mobilization of nutrients. In addition being 
able to increase plants growth, the use of molasses can likewise improve soil bacterial 
population at harvest time. Molasses can be used as an alternative substrate as it 
contains complex nutrients required by microbes in their metabolism. Likewise, 
Blunden and Woods [25], argued that sugar has potential to change microbial 
population in rhizosphere soil, as it will result in change of nutrients absorption in plants 
to support the growth of roots.  
Noumavo [13], suggested that inoculation with microbial strains could be beneficial 
for plant growth and development due to different mechanisms of each microbe such as 
its ability to nitrogen fixer, dissolve phosphate, and production of phytohormone IAA. 
PGPR inoculants used in this study had been tested for their ability to dissolve 
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phosphate and produce growth hormone IAA in laboratory conditions (data was not 
shown) was proven to improve germination and seedling growth of sorghum plants. 
4. Conclusion 
Treatment of PGPR inoculation on sorghum seed can improve seed germination, 
conversely, the use of single molasses or in combination with PGPR inoculant brought 
about negative effect on in vitro conditions. In the pot experiment, providing single 
molasses or combined with PGPR had improved seedling growth as compared to 
control one. 
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